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@) Semiconductor device having element regions being electrically isolated from each other. 



@ A semiconductor device of this invention is char- 
acterized in that one element region (14a) is elec- 
trically Isolated from another element region (14b) 
adjacent thereto by forming a groove (15a) surround- 
ing the one element region (14a) and a distance 



between the groove (15a) surrounding the one ele- 
ment region (14a) and a groove (15b) surrounding 
the another element region (14b) is. set to be equal 
to or larger than 3 /im. 
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SEMICONDUCTOR DEVICE 



This invention relates to the improvement of a 
semiconductor device, and more particularly to the 
improvement of a technique for isolation between 
element regions. 

In general, in a semiconductor integrated cir- 
cuit, a plurality of element regions which are elec- 
trically isolated from one another are forrned in the 
main surface of a semiconductor substrate and 
active elements and passive elements are formed 
in the element regions. 

As a method of isolating the element regions 
from one another an isolation technique using PN 
junctions, an isolation technique using oxide films 
and an isolation technique using grooves are 
known. The conventional semiconductor device and 
the method for manufacturing the same are ex- 
plained below by using the isolation technique us- 
ing the oxide films as an example. Fig. 1 sho^s the 
conventional- semiconductor integrated circuit in 
, which the isolation technique using the oxide films 
is.used;iv>;; 

. .: In a silicon substrate 1 , element regions 2a, 2b, 
... .... .are formed. The element regions 2a, 2b, ... are 

surrounded by grooves 3a, 3b, ... An oxide film 4 is 
formed on the field region and the internal surfaces 
of the grooves 3a, 3b, ... Polysilicon layers 5 are 
buried in the grooves 3a, 3b, ... in which the oxide 
film 4 is formed. Thin cap oxide films 6 are formed 
on the grooves 3a. 3b, ... in which the polysilicon 
layers 5 are buried. 

The element isolation in the above semicon- 
ductor integrated circuit is effected as follows. 

First, the grooves 3a, 3b, ... surrounding the 
element regions 2 are formed in the silicon sub- 
strate 1 by an anisotropic etching technique. Then, 
a non-oxide film (SiaN^-) such as a nitride film is 
formed on the element regions 2. After this, the 
oxide film 4 Is formed on the field region and the 
internal surfaces of the grooves 3a, 3b, ... with the 
non-oxide film used as a mask. After formation of 
the oxide film 4. the polysilicon layers 5 are buried 
in the grooves 3a. 3b, ... Further, the polysilicon 
layers 5 are made flat and then the thin cap oxide 
films 6 are formed on the grooves. 

In the integrated circuit thus formed, a distance 
Wtt between the side wall of the groove 3a and the 
side wall of the groove 3b is designed to a mini- 
mum possible length in order to enhance the in- 
tegration density of the elements. 

However, it is generally known that as the 
distance between the grooves becomes shorter, 
thermal stress is more concentrated on the corner 
portions of the grooves 3a, 3b, ... in the oxidation 
process for forming the oxide films 4 on the field 
region and the internal surfaces of the grooves 3a. 



3b, ... More specifically, as shown in Fig. 2, dis- 
location defects 9 may be caused in the upper 
corner portions 7 and bottom comer portions 8 
because of the concentration of thermal stress at 
5 the time of oxidation. The dislocation defects 9 
increase leak current between the collectors of 
transistors formed in the silicon substrate. Further, 
the transistor characteristic such as the Ic (collector 
currentj-hpE (grounded emitter current amplification 

70 factor) characteristic will be deteriorated. That is, if 
the dislocation defects 9 occur at a certain density, 
recombination current around the defect increases 
to deteriorate the element characteristic and ele- 
ment isolation characteristic, making the semicon- 

75 ductor device definitely impractical. 

This invention has been made to solve the 
above problems, and an object of this invention is 
to provide a semiconductor device in which occur- 
rence of dislocation defects in the upper and bot- 

20 torn corner portions of the element isolation 
grooves can be suppressed .and deterioration of the 
element characteristic and the element isolation 
characteristic can. be prevented. ; 

In order to attain the above object, there is 

25 provided a semiconductor device of this invention 
In which a distance between a groove surrounding 
an element region and a groove surrounding an- 
other element region is set at. least 3 /tm so as to 
electrically isolate the former element region from 

30 the latter adjacent element region. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

35 Figs. 1 and 2 are cross sectional views each 
showing the conventional semiconductor device; 
Rg. 3 is a perspective view showing a semicon- 
ductor device according to one embodiment of 
this invention; 

40 Figs. 4A to 4C are cross sectional views show- 
ing a method of manufacturing the semiconduc- 
tor device shown in Fig. 3; 
Rg. 5 Is a characteristic diagram showing the 
characteristic of the semiconductor device of 
45 this invention; and 

Rg. 6 Is a cross sectional view showing a semi- 
conductor device according to another embodi- 
ment of this invention. 
Now, a semiconductor device according to one 
50 embbdiment of this invention and a method for 
manufacturing the same are explained in detail with 
reference to the accompanying drawings. 

Fig. 3 shows a semiconductor device accord- 
ing to one embodiment of this invention. The semi- 
conductor device has bipolar transistor an^ays 
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formed In element regions. That is. an N -type 
buried layer 12 is formed on a P-type monocrystal- 
line silicon substrate 11. N-type epitaxial layers 13 
are formed on the N -type buried layer 12. Ele- 
ment isolation grooves 15a, 15b. surrounding ele- 
ment regions 14a, 14b, ... are formed in the silicon 
substrate 11 and N-type epitaxial layers 13. P - 
type impurity regions 16 are formed on the bottom 
portions of the element isolation grooves 15a, 15b, 
... An oxide film 17 is formed on a field region and 
the internal surfaces of the element isolation . 
grooves 15a, 15b, ... Polysllicon layers 18 are 
buried in the element isolation grooves 15a, 15b, ... 
on which the oxide film 17 is formed. Thin cap 
oxide films 19 are formed on the grooves 15a. 15b, 
... in which the polysilicon layers 18 are buried. 
Further, an N*-type collector lead-out region 20, P- 
type base region 21 and N*-type emitter region 22 
are formed in the N-type epitaxial regions of the 
element regions 14a. 14b, ... 

In the above semiconductor device, a Wrr dis- 
tance between the adjacent element regions 15a, 
15b, ... is set to 3 //m or more. Further, the width of 
-the element isolation grooves 15a,:15b, ... is set in 
the range* of 11^ to* 2 ^m:- The oxide, film' 17 having a 
film thickness'of not larger than 0.9 >m (9000 A) 1^ 
formed on the V internal surfaces of the element . 
isolation regions 15a. 15b, ... 

With the above construction, occurrence of dis- 
location defects in the upper corner and bottom 
corner of the element isolation region can be sup- 
pressed and therefore the element characteristic 
and elenrient isolation characteristic will not be de- 
teriorated. 

Figs. 4A to 4C show a method of manufactur- 
ing the semiconductor device shown in Fig. 3. 

Rrst. as shown in Rg. 4A. an SiOa film 21 is 
formed on the main surface of a monocrystalllne 
silicon substrate 21 formed of a P-type substrate 
21a, N*-type buried layer 21b and N-type epitaxial 
layer 21c by use of a CVD method or thermal 
oxidation method. Further, a resist pattern 24 is 
formed on the SiOa film 23. After this, the mon- 
ocrystalline silicon substrate 21 is etched in a verti- 
cal direction by use of an RIE (reactive ion etching) 
method so as to form element isolation grooves * 
25a, 25b. ... having a width of 1 to 2 fim and a 
depth of approx. 5 fivn. Each of the element isola- 
tion grooves 25a, 25b. ... Is formed to surround a 
corresponding one of element regions 26a. 26b .... 
and the element isolation grooves 25a, 25b, ... are 
.arranged .so-that a-distance-Wrr-between the-adja — 
cent two element isolation grooves may be set to 
be larger than 3 /im. 

Next, as shown in Fig. 4B. the SIO2 film 23 and 
resist pattern 24 are removed. After this, thermal 
oxidation is effected in an H2 and O2 gas at- 
mosphere at a temperature of approx. 950 A to 



form' an Si02 film 27 having a film thickness of 
approx. 500 „A. Further, an Si3N4 film 28 having a 
film thickness of approx. 1000 A is formed by 
deposition at a temperature of approx. 780 "C by 

5 use of an LP-CVD method. Then, a resist pattern 
29 is formed on the SiaN/^ film 28 by a photo- 
etching technique. Next, the SiaN* film 28 is selec- 
tively etched by a plasma-etching technique to 
leave the SiaN* film (non-oxide film) 28 only in 

10 positions above the element regions 26a, 26b, ... 

Next, as shown in Fig. 4C, the resist pattern 29 
is removed. After this, wet oxidation is effected at a 
temperature of approx. 1000 A with the SigN* film 
28 used as a mask. As a result, an oxide film 30 

75 having a film thickness of less than 9000 A, for 
example, 8000 A is formed on the field region and 
on the internal surface of the element isolation 
grooves 25a, 25b, ... 

After this, polysilicon layers are buried into the 
20 element isolation grooves 25a, 25b. ... by a well 
known manufacturing method, although not shown 
in the drawing. After the polysilicon layers are 
made flat, thin cap oxide films are formed on the 
element isolation grooves 25a, 25b, ... Further, bi- 
25 polar transistors are formed in the element regions 

; 26a, 26b. ... ^ ; /" ' - 

" ' Now, the characteristic of the .semiconductor., 
device of this invention is explained with reference 
to Rg. 5. 

30 Bipolar transistor arrays were formed with a 

distance Wrr between the side wall of one of the 
element isolation grooves and the side wall of an 
adjacent one of the element isolation grooves used 
as parameter. The distance W-rr was set at four 

35 different values of 1.0. 2.0, 3.0 and 4.0 fivn. The 
film thickness of the field oxide film was set at 
approx. 9000 A and a distance Wn. between the 
element isolation grooves 15a, 15b, ... and the non- 
oxide films formed in the surface area of the sub- 

40 strate was set to approx. 3.0 fim. 

The defects occurring in the upper corners and 
bottom corners of the element isolation grooves 
15a, 15b, the stress applied to the surrounding 
portion of the element isolation grooves 15a, 15b, 

45 ... at the normal temperature, and the density of 
leak current between the elements were selected 
as the items to be evaluated. 

The defects were evaluated by etching off the 
entire substrate surface after the step of forming 

50 the elements and then effecting the Wright etching 
to selectively etch the defects. After this, the num- 

ber-of-defects-were^counted~bynobs'e?vatio^rr^flhe~" 

defects by use of an optical microscope and were 
eJcpressed by the density of defects occurring for 

55 the length of 1 mm of the element isolation 
grooves 15a, 15b. ... The stress applied to the 
surrounding portion of the element isolation 
grooves 15a, 15b. ... was measured by a laser 
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Raman microspectroseopy and the maximum 
stresses applied to the bottom portions of the ele- 
ment isolation grooves 15a, 15b, ... were expressed 
as the measurements. Further, the density of - leak 
current between the cells was expressed as the 
current density when the application voltage was 
set at 12 V by using the I-V characteristic between 
the current and voltage between the collectors of 
the transistor cells. 

In Rg. 5 in which the evaluated ..items are 
collectively shown, the abscissa indicates the dis- 
tance Wtt (/^n)) between the adjacent element iso- 
lation grooves, the ordinate (a) indicates the den- 
sity (A/cm2) of leak current flowing between the 
cells when a voltage of 12 V is applied between the 
elements, the ordinate (b) indicates the density of 
defects (/mm) in the upper corner and bottom 
corner, and the ordinate (c) indicates the stress 
(dyn/cm^). 

That is, when the distance W-n- (/^m) between 
the adjacent element isolation grooves is se^quen- 
. . tially set to 4.0 m, 3.0 fivn, 2.0 ^im and 1.0 ^tm in 
. this order, the stress basically increases and at the 
' •.; -'/iv= = same time the defect density increases; The rea- 
son why the stress decreases near the point of -T.O 
^m is that a large umber of defects are caused by 
application of an extremely strong stress to reduce 
the stress. Further, as the distance Wrr decreases, 
the density of leak current between, the cells in- 
dicating the element isolation characteristic in- 
creases. As a result, it is proved that it is preferable 
to set the distance W-rr between the adjacent ele- 
ment isolation grooves 15a, 15b, ... to at least 3.0 
ftvn In order to prevent the element characteristic 
and element isolation characteristic from being de- 
teriorated. 

Fig. 6 shows a semiconductor device accord- 
ing to another embodiment of this invention. 

The semiconductor device uses a bonded wa- 
fer or SOI wafer as a substrate. That is, an oxide 
film 42 is formed on a monocrystalline silicon sub- 
strate 41. Further, a monocrystalline silicon sub- 
strate 43 is formed on the oxide film 42. The 
monocrystalline silicon substrate 43 is polished to 
have a sufficiently small thickness, for example, a 
thickness of approx. 5 ^m after it is bonded with 
the substrate 41. Element isolation grooves 44a, 
44b, ... are formed in the monocrystalline silicon 
substrate 43. Oxide films 45 are formed on the field 
region and the internal surface of the element isola- 
tion grooves 44a, 44b, ... Polysilicon layers 46 are 
buried in the element isolation grooves 44a, 44b, ... 
on which the oxide films 45 are formed. Tliin cap- 
oxide films 47 are formed on the element isolation 
grooves 44a, 44b, ... in which the polysilicon layers 
46 are burled. 

The distance Wrr between the adjacent ele- 
ment isolation grooves 44a. 44b, ... Is set to at least 



3.0 fim. Further, the oxide films 46 having a film 
thickness of not more than 0.9 fivn (9000 A) are 
formed on the internal surfaces of the element 
isolation grooves 44a, 44b. ... having a width in the 
5 range of 1 to 2 ;*m. 

With the above construction, occurrence of the 
dislocation defects in the upper corner and bottom 
corner of the element isolation groove can be sup- 
pressed/ and at the same time, the element char- 
70 acteristic and element isolation characteristic will 
not be deteriorated. 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 

15 Claims 

1- A semiconductor device in which one element 
region (14a) is electrically isolated from an- 
other element region (14b) adjacent thereto by 

20 forming a groove (15a) surrounding said one 

element region (14a), characterized in that a 
distance between.; said groove (15a) surround- 
ing said one element region (14a) and a 
groove (i5b) sijrrpunding said another element 

.25 region (14b) is set to be equal to or larger than . 

3 ^m, . - 

(, • . * 

2. A semiconductor device according to claim 1 , 
characterized in that an oxide film (17) having 

30 a film thickness of not larger than 9000 A is 

formed in each of said grooves surrounding 
said one and another element regions. 

3. A semiconductor device according to claim 1, 
35 characterized in that the width of each of said 

grooves surrounding said one and another ele- 
ment regions is set to 1 to 2 ^m. 

4. A semiconductor device according to claim 1, 
40 characterized In that said one and another ele- 
ment regions are formed in a bonded wafer. 

5. A semiconductor device according to claim 1. 

characterized in that said one and another ele- 
45 ment regions are formed in an SO! wafer. 

6. A semiconductor device according to claim 1. 
characterized in that bipolar transistors are 
formed in said one and another element re- 

50 gions. 

7- A semiconductor device according to claim 1, 
pharacterized in that a polysilicon layer (18) Is 
burled in each of said grooves surrounding 
55 said one and another element regions. 
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@ Semiconductor device having element regions being electrically isolated from each other. 



@ A semiconductor device of this invention is char- 
acterized in that one element region (14a) is elec- 
trically isolated from another element region (I4b) 
adjacent thereto by forming a groove (15a) surround- 
ing the one element region (14a) and a distance 
between the groove (I5a) surrounding the one ele- 
ment region (14a) and a groove (15b) surrounding 
the another element region (14b) is set to be equal 
to or larger than 3 um. 
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